Field measurement of airborne particulate matters concentration in a hospital's operating room by Mohamed Kamar, Haslinda et al.
 Field Measurement of Airborne Particulate Matters Concentration in a 
Hospital’s Operating Room 
Haslinda Mohamed Kamar1, a *, Nazri Kamsah2, b and Wong Keng Yinn3, c  
1,2 Department of Thermo-Fluids 
Faculty of Mechanical Engineering, 
Universiti Teknologi Malaysia,  
81310 Skudai, Johor Bahru, Malaysia. 
3 Faculty of Mechanical Engineering 
Universiti Teknologi Malaysia, 
81310 Skudai, Johor Bahru, Malaysia. 
ahaslinda@mail.fkm.utm.my, bnazrikh@fkm.utm.my, ckywong5@live.utm.my 
Keywords: Hospital operating room, HEPA filters, particulate matters, airborne particle 
concentration, ISO Class 7 clean room 
Abstract. In a hospital operating room, adequate air flow and cleanliness are crucial to protect the 
patient from surgical site infection (SSI) during a procedure. The probability of the patient to get the 
infection is related to the concentration of bacteria carrying particles inside the room. This paper 
presents a field measurement study to quantify the concentration of particulate matters (PM) in a 
hospital operating room which complies with the ISO Class 7 requirements. The operating room 
was equipped with High Efficiency Particulate Air (HEPA) filters and a vertical laminar air flow 
(LAF) system. The measurements were conducted at three height levels from the floor namely 
1.2 m, 1.8 m and 2.4 m. The data was logged at a rest condition, in accordance to the ISO 14644-1 
requirements. A HPC300 particle counter was used to measure the concentrations of particulate 
matters namely PM0.5, PM1 and PM5. The results show that the concentrations of all particulate 
matters were higher at the height level of 1.2 m compared to other height levels. The concentration 
of PM0.5 was relatively higher than PM1 and PM5 in the vicinity of operating table. 
Introduction 
Indoor air quality in healthcare facilities has been encountered as a serious issue over the past 
several decades. A poor combination of air quality and particles flow leads to nosocomial infection 
which threatens human health. Approximately 88,000 deaths and cost upwards of $3 billion a year 
were due to hospital-acquired infection [1]. Surgical Site Infection (SSI), third most frequently 
reported nosocomial infection accounting for 14-16% of hospital-acquired infection in Sweden and 
United States (US) [2 & 3]. According to Centers for Disease Control and Prevention, it has been 
reported that almost 29,000 of patients yearly contract infections when undergoing surgery [4]. Out 
of this amount, 13,000 infected patients lost their lives and spent additional billions of dollars in 
healthcare services [4]. SSI is highly correlated with airborne pathogenic bacteria and particles [1, 4 
& 5]. The sources of airborne pathogenic bacteria and particles in operating room (OR) are surgical 
staffs, patient, and supply air diffusers [4, 5, 6 & 7]. Aerosols and anaesthesia gas which used in OR 
were also recognised as airborne pollutants [8]. To prevent SSI, maintaining a low bacteria count 
and good airflow pattern within vicinity of an operating table are crucial. Several approaches that 
have been used to maintain low bacteria count are by using ventilation system [1, 4, 6 & 9] and 
contaminant source control by using clothing system [5 & 10]. Ventilation system design is 
important in healthcare facilities especially in the OR. Proper setup and configuration of ventilation 
system provide occupants with good air quality and prevent them from facing SSI. Nowadays, clean 
and unidirectional air flow is needed in the OR to reduce poor patient outcomes and substantial 
costs. Therefore, an ultraclean environment is required especially in surgeries involving organ 
transplants, heart, orthopaedics and neurosurgery [11 & 12]. There are several types of ventilation 
system used such as laminar flow system, conventional system and mixed system. There is no 
 common guideline in Malaysia to determine appropriate ventilation systems in the OR. However, 
majorities of modern hospitals are using laminar air flow (LAF) system which complies with 
International Organization for Standardization (ISO) Class 7. In this system, only HEPA air 
diffusers are used as the air barrier and there is no air supply from the central zone. The HEPA filter 
is rated 99.99% efficient with particles size of 0.3 µm (PM 0.3) and above. This paper presents the 
results of field measurements to quantify the concentration of particulate matters (PM), relative 
humidity (RH) and temperature distribution inside the ISO Class 7 operating room of a private 
hospital in Malaysia. The goal is to examine the variation of particles concentration at different 
height levels and around the critical zone (operating table). 
Field Measurement 
Particulate Matter, Relative Humidity and Temperature Measurements. The field 
measurement was carried out in March 2014. It was conducted inside an operating room at 
Columbia Asia Hospital, Puchong. Two standards namely ISO 14644-1:1999 Classification of Air 
Cleanliness and IEST-RP-CC006.2 were followed during the data measurement to ensure the 
reliability of the measured data. To ensure a steady-state operating conditions, the ventilation 
system was turned-on 30 minutes prior to the data collection. The measurement was conducted at 
three different heights above the floor namely 1.2 m, 1.8 m and 2.4 m. Table 1 shows the 
specification of the operating room. 
Table 1: Description of the operating room used for the field measurements 
Description of operating room 
Operating System Clean room System 
Standard ISO Class 7 
Types of Air Flow Supply Laminar 
Room Dimension 
Length, 4.2m 
Width, 5.1m 
Height, 3.0m 
Personnel Entrance 
Width, 0.9m 
Height, 2.1m 
Patient Entrance 
Width, 2.0m 
Height, 2.1m 
Exhaust Grilles 
Width, 0.22m 
Height, 0.46m 
HEPA Diffusers 
Width, 1.2m 
Length, 0.6m 
 
Figure 1 shows the geometry of the OR. The clean air is supplied through 6 ceiling mounted 
HEPA diffusers. The air is exhausted through four sidewall grilles at the corners of the operating 
room. The LAF system provides a laminar air flow that covers up the perimeter of the operating 
table. The air would wash away any airborne particulate matters from the vicinity of the table. 
Instrumentation Setup. The handheld particle counter instrument (model HPC 300) is shown in 
Figure 2. It was used to measure the concentrations of the particulate matters namely PM0.5, PM1 
and PM5. A tripod was used to properly position the instrument at the chosen grid locations inside 
the operating room during the data collection.  
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CONCLUSION 
The following are some major findings from this study: 
 Particle concentration levels of PM0.5, PM1 and PM5 were found to be significantly higher 
at a plane 1.2 m height above the floor. 
 The concentrations for PM0.5, PM1 and PM5 were highest at the grids located close to the 
equipment table and disposal dust bin. 
 The concentration of PM0.5 was the highest compared with other PMs at all grid locations. 
ACKNOWLEDGMENT 
The authors are grateful to the staffs of Columbia Asia Hospital for providing the operating room to 
carry out this study. We would also like to thank the engineers of Bumimaju MTE Eng. Sdn. Bhd. 
for assisting and providing the measuring equipment to conduct the field measurements. The 
cooperation provided by Research Management Centre, Universiti Teknologi Malaysia is hereby 
acknowledged. The authors are also grateful to the Ministry of Education and Universiti Teknologi 
Malaysia for providing the funding on this study, under the vot number of 06H75. 
REFERENCE 
1.  Emmerich, Steven J., et al. "Multizone modeling of strategies to reduce the spread of airborne 
infectious agents in healthcare facilities." Building and Environment 60 (2013): 105-115. 
2. Rui, Zhang, Tu Guangbei, and Ling Jihong. "Study on biological contaminant control strategies 
under different ventilation models in hospital operating room." Building and Environment 43.5 
(2008): 793-803. 
3. Sadrizadeh, Sasan, et al. "Influence of staff number and internal constellation on surgical site 
infection in an operating room." Particuology 13 (2014): 42-51. 
4. Mraz, S. (2014). "Computational fluid-dynamics (CFD) keeps operating rooms clean." 
Computer modeling lets helps engineers control airflow and limit the spread of infections in 
hospitals. Retrieved 14/1, 2014. 
5. Tammelin, A., Bengt Ljungqvist, and Berit Reinmüller. "Single-use surgical clothing system 
for reduction of airborne bacteria in the operating room." Journal of Hospital Infection 84.3 
(2013): 245-247. 
6. Zhai, Zhiqiang John, and Anna L. Osborne. "Simulation-based feasibility study of improved air 
conditioning systems for hospital operating room." Frontiers of Architectural Research 2.4 
(2013): 468-475. 
7. Chow, Tin-Tai, and Jinliang Wang. "Dynamic simulation on impact of surgeon bending 
movement on bacteria-carrying particles distribution in operating theatre." Building and 
Environment 57 (2012): 68-80. 
8. Melhado, Monica A., J. L. M. Hensen, and Marcel Loomans. "Review of ventilation systems in 
operating rooms in view of infection control." Proceedings of the 6th Int. Postgraduate 
Research Conf.. in the Built and Human Environment, Technische Universiteit Delft. 2006. 
9. Hathway, E. A., et al. "CFD simulation of airborne pathogen transport due to human activities." 
Building and Environment 46.12 (2011): 2500-2511. 
 10. Friberg, S., et al. "The addition of a mobile ultra-clean exponential laminar airflow screen to 
conventional operating room ventilation reduces bacterial contamination to operating box 
levels." Journal of Hospital Infection 55.2 (2003): 92-97. 
11. Diab-Elschahawi, Magda, et al. "Impact of different-sized laminar air flow versus no laminar 
air flow on bacterial counts in the operating room during orthopedic surgery." American 
Journal of Infection Control 39.7 (2011): 25-29. 
12. Flakt Woods (2014). Hybrid Operating Theatre, "Hoglandssjukhuset", Eksjo, Sweden. F. W. 
Group. 
13. Chow, T. T., et al. "Conversion of operating theatre from positive to negative pressure 
environment." Journal of Hospital Infection 64.4 (2006): 371-378. 
14. ASHRAE, ASHRAE handbook – HVAC applications, Ch.7, health care facilities. Atlanta: 
American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc; 2007. 
15. Daniela, D., et al. "Evaluation of fungal contamination in operating rooms using a dusting cloth 
pad: Comparison among different sampling methods." American Journal of Infection Control 
30 (2013): 1-3. 
16. Pereira, Marcelo Luiz, and Arlindo Tribess. "A review of air distribution patterns in surgery 
rooms under infection control focus." Revista de Engenharia Térmica 4.2 (2004). 
17. Woloszyn, Monika, Joseph Virgone, and Stéphane Mélen. "Diagonal air-distribution system for 
operating rooms: experiment and modeling." Building and Environment 39.10 (2004): 1171-
1178. 
18. Zoon, W. A. C., et al. "On the applicability of the laminar flow index when selecting surgical 
lighting." Building and Environment 45.9 (2010): 1976-1983. 
19. Karthikeyan, C. P., and Anand A. Samuel. "CO2 dispersion studies in an operation theatre 
under transient conditions." Energy and Buildings 40.3 (2008): 231-239. 
 
 
 
 
 
 
 
 
